etween November 1983 and December 1992, 136 hips (119 patients) with coxarthritis were operated on using joint-preserving techniques based on the rationale of Pauwels' osteotomy. The criterion for selection was a patient in whom the height of the joint space in the weight-bearing area of the hip was less than 1 mm. The mean age at operation was 48 years and the mean follow-up 109 months (60 to 171). Hips were categorised using Bombelli's classification of osteoarthritis, into atrophic and non-atrophic types. The endpoint was defined as that at which the height of the joint space became less than 1 mm again. The Kaplan-Meier curve showed that the rate of survival of the non-atrophic group was significantly better than that of the atrophic group. Cox's proportional hazard model indicated that the factors influencing the results of joint-preserving operations included Bombelli's classification, postoperative incongruence of the joint and the height of the joint space.
Femoral osteotomy for the treatment of osteoarthritis (OA) of the hip is both unreliable and unstable. It is difficult to predict the outcome after joint-preserving operations 1, 2 and to define the optimal operative method for each hip. [3] [4] [5] [6] Total hip arthroplasty (THA) is reliable and achieves stable results in all types of OA of the hip. Some authors 7 have stated that a successful alternative to THA must predictably achieve improved clinical function for ten years to justify its continued use. We have shown that elderly patients achieve good results with joint-preserving operations. 8 Our aim was to determine the factors influencing the results of these methods and to identify key factors in radiography of the hip to assess a patient's suitability for such conservative surgery. The biological response of OA of the hip to upper femoral osteotomy has been described by Bombelli. 9 Hypertrophic types achieved good results after both valgus-extension osteotomy 10 and McMurry's procedure. 3 In our experience the outcome after osteotomy was influenced by many factors which made the interpretation of results difficult. We have used statistical methods such as Cox's proportional hazard model 11 to analyse the factors influencing the results.
Patients and Methods
Between November 1983 and December 1992, we used joint-preserving techniques on 154 hips (135 patients) in which the height of the joint space superiorly was less than 1 mm. The patients were followed for more than 60 months. The study included those patients who achieved a hip score of less than 13 points according to Merle d'Aubigné and Postel, 12 with less than 60 months of follow-up. A total of 16 patients (18 hips) was lost to followup. One patient died from an unrelated disease, one was hospitalised for psychiatric reasons and 14 failed to attend for the follow-up examination. We analysed 136 hips in 119 patients both clinically and radiologically. There were 113 women (130 hips) and six men (6 hips) with a mean age at operation of 48.0 years (28 to 72). The overall rate of follow-up was 88%; the mean period of follow-up was 109 months (60 to 171). The senior surgeon (RU) carried out or supervised all of the operations, using the techniques previously described. 8, [13] [14] [15] Varus osteotomy was indicated in 27 hips, in which joint congruence had been demonstrably improved on plain radiographs in abduction. Valgus osteotomy was indicated in 93 hips in which joint congruence had been improved by adduction. When there was incongruence of the joint after osteotomy, we added resection of the acetabular edge 8, 14, 16 to improve this (18 hips). When acetabular dysplasia was severe, we added acetabuloplasty. 8, 14, 17 The precise indications for acetabuloplasty have been reported previously. 8, 14, 15 In brief, if the angle between the lateral edge of the weight-bearing segmentcentre of the femoral head, the medial edge of the weightbearing segment and the centre of the femoral head (LOM) 14, 15 was less than 60°, we used Spitzy's acetabuloplasty 17 (23 hips The primary diagnoses were acetabular dysplasia and subluxation of the hip; none of the patients was diagnosed as having primary OA. Prophylaxis against deep-vein thrombosis was as described previously. 22 The patients were allowed toe-touch walking for six months with two crutches, and walking with a single crutch for another six months. They remained in hospital for one to two months after surgery to be trained in this programme. Bombelli's criteria 9,10 were used to classify hips into atrophic, normotrophic and hypertrophic types. The hypertrophic response is associated with large osteophytes and sclerosis. The atrophic response is characterised by the formation of subchondral cysts. The normotrophic response is intermediate between these. Histological examination of the femoral heads of the hypertrophic type showed a greater number of osteoblasts and the formation of more new bone than in those of the atrophic type. 8 We divided the hips into atrophic and non-atrophic types for statistical analysis. The intraobserver variation was evaluated by one surgeon comparing the LOM and CE angles and Bombelli's classification on ten preoperative radiographs with those on radiographs taken two weeks later. The clinical results were assessed according to Merle d'Aubigné and Postel 12 and classified as excellent, good, fair or poor, as shown in Table I .
For statistical analysis, we used the Kaplan-Meier survivorship analysis 23 and Cox's proportional hazard model.
The former method was used to analyse the difference in survivorship between the groups and examined by the logrank test. The confidence interval was 95%. The outcome was determined by assessing the LOM angle, the CE angle, acetabular head index, 24 body mass index (BMI), gender, age, incongruence 25 at one year after surgery, height of the joint space before and six months after the operation, and the scale of bone quality. 22 The level of statistical significance was set at p < 0.05, two-tailed.
11,23,26
The appropriate statistical procedures were performed using Statview 4.5 (Abacus Concepts Inc, Berkeley, California).
Results
Clinical outcome. The measured assessments and scores before and after surgery are shown in Table I . At the final follow-up examination the arthritic process had become worse in one-third of the operated hips; seven had a THA. The time of conversion after the primary operation varied between seven and 136 months (mean, 78). The rate of conversion was 5%, which was low compared with other reports. 2, 10 Hips which had THA soon after the initial surgery had all been classified as atrophic. The clinical results clearly demonstrated that the atrophic type achieved worse results at the final follow-up examination and more hips converted sooner than in the non-atrophic group (Table  II) .
Complications included liver dysfunction (6 cases), fracture at the osteotomy site (3), delayed union (3), paresis of the peroneal nerve (2), formation of ectopic bone (1) and deep-venous thrombosis, diagnosed clinically (10) . No complication was fatal. Radiological outcome. According to the clinical outcome, patients with the atrophic type are poor candidates for jointpreserving surgery. The intraobserver differences were not significant. As shown in Figure 1 , the height of the joint space in the weight-bearing area became progressively wider during the first year after operation. The mean joint space of 0.5 mm before surgery increased to 2.1 mm at six months and 2.4 mm at one year (Table III) . According to Bombelli 9 the atrophic type showed a minimal biological response to osteoarthritis, but surgery seemed to produce a small improvement in the joint space. 8, 27 A comparison is shown in Table III . Before comparing the Kaplan-Meier curves of the atrophic and non-atrophic groups, the clinical and radiological parameters of each group were investigated. When there were large differences between the two groups, a comparison of survivorship curves became meaningless. There were no differences in the clinical data (Table IV) . There was, however, some disparity in the preoperative LOM and CE angles, and in the operative technique. Since the atrophic group showed milder acetabular dysplasia, the CE and LOM angles were greater than those of the nonatrophic group. Consequently, different operative procedures were used for each group. After operation, there were no significant statistical differences in the LOM and CE angles between the groups, because of the additional acetabuloplasty. The Kaplan-Meier curves (Fig. 2 ) of the groups were significantly different based on the results of the log-rank test (p < 0.0001) showing the atrophic group to have a worse outcome. The number of hips in the atrophic group maintaining a joint space of more than 1 mm, decreased in the early postoperative period. The nonatrophic group, however, maintained a joint space of more than 1 mm in a large number of hips for a longer period of time. After five years, the number of hips in the nonatrophic group which maintained a joint space of more than 1 mm had decreased. After ten years, 60% of hips in the non-atrophic type had maintained a considerable height of joint space, but only 20% of hips in the atrophic group showed an adequate space.
Cox's proportional hazard model (Table V) confirmed that the factors influencing the outcome of joint-preserving surgery included whether the changes in the hip were atrophic or non-atrophic, the joint space six months after operation and the congruence of the joint one year after 371 Sequential heights of joint space at weight-bearing segment. surgery. All showed statistical significance. The odd's ratio indicated that the atrophic group had a three times worse prospect of a good result than the non-atrophic group. Moreover, joints which remained incongruous after surgery had twice the risk of joints which were congruent.
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Discussion
Estimation of the true joint space of the hip is difficult, varying as it does with the position and attitude of the hip.
To minimise error we plotted the data at various postoperative periods as a broken line (Fig. 1) . When the height at three sequential points was more than 2 mm, we deduced that the joint space was more than 2 mm. When the height at these three points was less than 1 mm, we defined that amount as the joint space. The sequential analysis of the height of the joint space minimised the errors and made our data reliable. We chose an advanced stage of OA for the analysis; the height of the joint space over the weight-bearing segment was less than 1 mm. Weisl 6 and a team from our institution 8 have reported that when the height of the joint space after surgery is more than 2 mm, good results can be expected. When the joint space is more than 1 mm before operation, it is difficult to detect regeneration of the space by plain radiography, because rotation of the femoral head changes the articular surface under load. When the joint space is less than 1 mm, the thickness of the articular cartilage at the weight-bearing surface appears to be less than 2 mm, even after rotation of the femoral head. We therefore selected patients whose joint space was less than 1 mm before surgery and presumed that an increase in joint space reflected regeneration of the articular cartilage. 28 Our analysis
showed that within two years of operation, all hips recovered joint space to some extent, although in certain hips by no more than 2 mm (Fig. 1) . The joint space of all hips reduced gradually over the subsequent ten years. Bombelli's 9 atrophic type, with a limited biological activity, showed minimal recovery of the joint space. Maistrelli et al 10 and Morscher 27 reported that the atrophic type gave poor results with joint-preserving surgery, and also after THA. 29 Our study clarified the factors influencing the surgical outcome and analysed these parameters using various statistical methods. The Kaplan-Meier curves clearly showed that the atrophic type was less likely to recover the joint space after joint-preserving surgery. The atrophic hips had less dysplasia of the acetabulum, and the operative methods used were statistically different from those applied in the non-atrophic group. After surgery, however, the CE angle, acetabular head index and LOM angle, as parameters of hip dysplasia, did not differ between the atrophic and non-atrophic groups. In spite of small differences in the parameters of both groups, the type as defined by Bombelli 9 was the most important factor in evaluating the differences in the rates of survival. In our study, the endpoint was defined as when the joint space of the weight-bearing surface became less than 1 mm. When the sequence of changes in the joint space after operation was downwards and fell below 1 mm, it seldom improved (Fig. 1) . These data validate the endpoint as the level at which the joint space was less than 1 mm in the statistical analysis. At this stage, many patients would begin to experience hip pain. When we used the endpoint as that at which hip pain was experienced, we observed that some patients felt no pain although their hip had no space. Pain is therefore a poor indicator of the condition of a hip. Moreover, when we used conversion to THA as an endpoint, the numbers were very small and slightly better than the revision rate for primary THA. 22 This then is a crude measure of the results of osteotomy. We therefore The cumulative survival rate of all hips (Kaplan-Meier method). The atrophic (square) and non-atrophic types (circle) were plotted. The 50% survival periods were 70 (±31) and 147 (±16) months, respectively. The rates were significantly different (log-rank test, p < 0.0001).
chose the height of the joint space as the endpoint, even when the hip score was good. Before concluding that the atrophic type is not appropriate for joint-preserving surgery, we have borne in mind that the final results are influenced by many factors including bodyweight, gender, operative methods and age, as well as radiological parameters such as the CE and LOM angles, acetabular head index and joint congruence. Cox's proportional hazard model was chosen to identify the factors influencing the surgical outcome. Our study clearly demonstrated that the most influential factor was Bombelli's 9 classification into atrophic and non-atrophic. The recovery of the joint space and the congruence of the surfaces after operation also strongly influenced the final results.
We considered three surgical approaches to the hip: 1) the 'hanging hip' operation and Maquet's trochanteric lateral transfer, in order to reduce the residual force on the hip; 2 2) to obtain optimal congruity, varus or valgus osteotomy supplemented with an acetabular edge resection in some cases; and 3) Spitzy's 17 acetabuloplasty and
Chiari's 18 pelvic osteotomy to create an adequare roof area to spread the load from the femoral head. All approaches followed the recommendations of Pauwels 13 although a variety of approaches and modes of osteotomy was used according to each patient's morphology. All procedures were carried out by a single surgeon (RU).
With the endpoint defined as the point at which the height of the joint space was less than 1 mm, the KaplanMeier curves of the two groups were statistically different. the final follow-up examination were dependent on the preoperative classification of the arthritic response, the height of the joint space at six months and the presence of incongruence after operation. We converted seven osteotomised hips to THA, experiencing no particular difficulty, as was noted by Boos et al.
